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Abstract : The theoretical investigation of five superconducting slate piiran i^ers (SSP) viz. eleciron-phonon coupling slrengili A, Coulomb 
pseudopotential /J* , transition temperature TV, isotope effective exponent «and iniferaction strength A^ ^Vof five monovalent (Li, Na, K, Rb and Cs), 
two divalent (Mg and Zn) and five polyvalent (In, Tl, Sn, Pb and Bi) metals have been carried out by our well-recognized and recently proposed 
model pseudopolential. We have employed here five different types of local field correction functions proposed by Huiircc, Taylor, Ichimaru-Uisumi, 
Land et al and Sarkar et al to study the exchange and correlation effects on the present computations. The recent local field correction functions due 
to Ichimaru-Ulsumi, Farid et al and Sarkar et al have been employed for the first tune in the study of SSP of metals. A very strong influence of all the 
exchange and correlation functions is found in the present study. Our results are in fair agreement with other available theoretical as well as experimental 
data. A strong dependency of the SSP of metals on the valency Z is found.
Keywords : Pseudopotential, superconducting stale parameters.
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1. Introduction
During last several years, the superconductivity remains a 
dynamic area of research in condensed matter physics 
with continual discoveries of novel materials and with an 
increasing demand for novel devices for sophisticated 
technological applications. A large number of metals and 
alloys are superconductors, with critical temperature Tc 
ranging from 1-18 K. Even some heavily doped 
semiconductors have also been found to be 
superconductors. Basically all the metal superconductors 
are type-I superconductors at room temperature [1,2]. 
The pseudopotenlial theory has been used successfully in 
explaining the superconducting state parameters (SSP) 
for metals by many workers [3-15]. Many of them have 
used Sharma-Kachhava’s linear potential [16] as well as 
Ashcroft’s empty core model potential [17] in the 
calculation of SSP for metals. Recently, we have calculated 
the SSP for some binary alloys and metallic glasses [18, 
i9] based on the model potential formalism.
In the present study, we have used McMillan’s theory 
Corresponding Author
[141 and our model potential formulation [20,21] for 
predicting the SSP in five monovalent (Li, Na, K, Rb 
and Cs), two divalent (Mg and Zn) and five polyvalent 
(In, Tl, Sn, Pb and Bi) metals. We have used our well- 
recognized model potential [20,21] for studying electron- 
phonon coupling strength A, Coulomb pseudopotenlial 
//*, transition temperature T,., isotope effect exponent a  
and effective interaction strength N q V. To see the impact 
of various exchange and correlation functions on the 
aforesaid properties, we have used five different types of 
local field correction functions proposed by Hartree (H)
[22], Taylor (T) [23], Ichimaru-Utsumi (lU) [24], Farid 
e t  a l  (F) [25] and Sarkar e t  a l  (S) [26]. We have 
incorporated for the first lime the advanced local field 
correction functions u e , lU [24], F [25] and S [26] in the 
investigation of the SSP.
2. Theoretical methodology
The real-space form of the proposed model potential 
used to describe the electron-ion interaction is given by 
[20,21]
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Where r< is the potential parameter. This form has feature of a 
Coulombic term outside the core and varying cancellation due to a 
repulsive and attractive contributions to the potential within the core.
The corresponding form factor in momentum space is given as
[20,21]
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and o>r are the maximum frequency of 
longitudinal and transverse modes of the 
phonon spectrum as measured by neutron 
scattering experiments [4-7J. For Bi, values 
of (Oi and ct>r are not available, so the 
averaged square phonon frequency < o)^ >  is 
calculated from the relation <(o2>i« = q.69 
0 D  [19].
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where E p  is the Fermi energy, m i, the band 
mass of the electron, 6 d  the Debye 
temperature and d ,X )  the modified Hartree 
dielectric function.
The impact of various exchange and 
correlation functions thus seen on A  and 
//* through screened form factor V {X ) and 
£(70, respectively.
After evaluating A  and /P ‘, the transition 
temperature T^ . and isotope effect exponent 





Here, V  -  qr„  is the potential parameter. Z, e, i2o, q  and diq) are 
the valency, electronic charge, atomic volume, wave vector and 
modified Hartree dielectric function, respectively. The various forms 
of local field correction function [21-26] affect the potential through
eiq).




Here, m *  is the effective electronic mass, M  the ionic mass, Z*  the 
effective valence, X  -  qHJiF where kp  is the Fermi wave vector, V(.X) 
the screened pseudopotential and < aP '>  the averaged square of phonon 
frequency, with = (a t + a>,r) / 2  of the metal, respectively a t
a  =  -_ 1 -| /t In Or 1 + ..62A
1.45r^ ) 1.04(1+A)
(6)
The effective interaction strength (AloV) is 
computed using the relation [4-7,18,19]
X - H *
, 10 , iH— A 
11
(7)
3. Results and discussion
The input parameters and other cwistants 
used in the present computations of the 
SSP of five monovalent, two divalent and 
five pdyvalenet metals are shown in Thble 1-
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Table 2(a) show s the com parison o f  presen tly  
calculated values of the SSR o f monovalent alkali metals 
with the other such theoretical [3 ,5 JM 2 J4 ,1 5 ] ,  as well 
as experimental [6] results. From the study of Table 2(a) 
it is seen that Li should become a superconductor at very 
high values of but experimentally it is found that it 
becoifies a superconductor at very low temperature. Thus 
for Li, the present results are not showing any remarkable 
agreem ent with other available data. The presently 
calculated values o f all the five SSP from H-screening 
function [22] for Na, K, Rb and Cs metals arc higher 
than others. Also, it can be seen from the Table 2(a) 
that t |e  Coulomb pseudopotential p* calculated from H- 
screeijing function [22] gives better agreement with the 
resultl reported by others in comparison with the screening
Table 2(a). Superconducting state parameters for alkali metals.
Metal SSP Present results Expt. Others
fU 161
1.0989 1.7385 1.8708 1.9336 1.5416 O.lOUn.O.ll [31,0.151111,0.21 [51. 
0.37 1151,0.45 [111,0.53 [151,0.56 [151
p* 0.1829 0.2033 0.2062 0.2078 0.1973 - 0.16 [111,0.17 (31,0.17 [51,0.181111
Li TciK) 15.394 27.880 29.891 30.751 24.656 <0.08 1.06xl(^ 2M51, 2.68x 10‘M3L 
0.02[151,0.02|111. l.l[151,1.5[151
a 0.4020 0.4294 0.4325 0.4336 0.4247 - -
NoV 0.4583 0.5949 0.6164 0.6258 0.5598 - -0.05 131,0.035 151,0.09 [31,0.13 [111,0.13 [111
X 0.2606 0.4182 0.4519 0.4679 0.3774 - 0.12 [121,0.15 [141,0.19 [141, 
0.23 [141,0.27 131,0.28 [141
0.1621 0.1823 0.1853 0.1873 0.1766 - 0.16 [31,0.16 [121,0.18 [141
Na T c% ) 1.47x10^ 0.0431 0.0956 0.1277 0.0136 1.25X 10'»M31
a -3.317 -0.372 -0.219 -0.173 -0.584 - -5.38 [121
NoV 0.0797 0.1708 0.1890 0.1969 0.1495 - -0.171121.0.09 [3]
0.3478 0.5844 0.6347 0.6589 0.5258 0.11 [31,0.12 [111, 0.121111. 
0.14 [151,0.14 [111, 0.22 [151
P* 0.1601 0.1831 0.1861 0.1883 0.1765 0.15 [151,0.16 [31,0.16 [111, 0.16 [51, 
0.18[111,0.18[111
K rc(K) 0.0065 0.4501 0.6656 0.7700 0.2676 - 1.56 X 10-^ 3^1,0.168 [51
a -0,4306 0.1645 0.2090 0.2218 0.1147 -
NoV 0.1426 0.2621 0.2845 0.2942 0.2363 - -0.45 [31, -0.032 [11], 0.005 [3], 0.007 [5J
X 0.3902 0.6760 0.7380 0.7695 0.6030 - 0.095 [111,0.12 [3], 0.14 [151
0.1569 0.1779 0.1805 0.1826 0.1719 - 0.11 [31,0.15 [15], 0.18 [11]
Rb Fc(K) 0.0228 0.6073 0.8279 0.9371 0.3955 - -
a -0.0788 0.2816 0.3096 0.3185 0.2484 - -
N(,V 0.1722 0.3085 0.3336 0.3453 0.2784 -- -0.005 [31, -0.0441111,0.009 [3]
X 0.3170 0.5922 0.6195 0.6659 0.4836 0.12 [151,0.19 [15], 0.28 [151
/I* 0.1540 0.1753 0.1778 0.1800 0.1687 -
Cs rc(K) 0.0009 0.2517 0.3031 0.4096 0.0805 -> 5xl0-Ml5]
a -0.6030 0.2202 0.2356 0.2658 0.0917 - -
NoV 0.1265 0.2710 0.2826 0.3027 0.2188 -
Table 2(b). Superconducting state parameters for divalent metals.
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Metal SSP Present results Expt. Others
H T lU F S [6.71
A 0.3386 0.4696 0.4862 0.4957 0.4305 -* 0.16 [3], 0.23 15). 0.31 [14], 0.31(12],
0.35 [14|, 0.38 (14)
0.1526 0.1684 0.1706 0.1717 0.1634 - 0.16 [3], 0.16 [12], 0.18 [14]
Mg Tc (K) 0.0326 0.6443 0.7942 0.8915 0,3552 - 2.124 X 10^  ^ [3], 0.02 [12], 0.08 [14]
a -0.3280 0.0603 0.0808 0.0928 -0.003 0.019 [3]
N„V 0.1422 0,2111 0.2189 0.22.34 0.1920 -0.013 (121, 0.177 (3]
A 0.3 in 0.4174 0.4342 0.4397 0.3894 - 0.27 [14], 0.34 [5], 0.38 [14], 0.41 (12], 
0.42 [14], 0.46 [3]
0.1305 0.1424 0.1441 0.1449 0.1384 - 0.11 [12], 0.12 (14], 0.14 (31
2n Tc (K) 0.0329 0.4361 0.5636 0.6051 0.2785 0.875 O.Ol [14], 0.41 [3], 0.85 [12]
a -0.074 0.1679 0.1888 0.1933 0.1375 0.24 [3], 0.41 [14]
NoV 0.1407 0.1993 0.2080 0.2106 0.1854 0.175 0.02 [14], 0.17 [12], 0.19 [3]
'Hible 2(c)* Superconducting state parameters for polyvalent metals.
Metal SSP Present results Expt. Others
H T lU F S [6.71
A 0.8029 1.0904 1.1377 1.1529 1.0164 - 0.26 (31,0.69 [14], 0.67 (12], 0.76 (5(, 
0.88(14], 0.89(14], 1.16(14]
0.1149 0.1246 0.1259 0.1266 0.1214 - 0.09 (12], 0.10 (12], 0.11 [3J, 0.12 [14]
In T c ilO 3.8478 6.3834 6.7596 6.8716 5.8009 3.404 4.765 X 10-^  [3], 2.8( 12], 3.4 [12], 4.0 114]
a 0.4534 0.4636 0.4637 0.4649 0.4624 0.45 0.449 [3], 0.47 [12]
N q V 0.3977 0.4850 0.4974 0.5011 0.4652 - 0.12(3]
A 0.8835 1.2152 1.2728 1.2912 0.9570 - 0.71 (14], 0.72 [12], 1.07 [3], 1.07 (14(
0.1091 0.1187 0.1201 0.1207 0.1096 - 0.J0[12],0.11 [14]
T1 T c{K ) 3.8696 6.0891 6.4247 6.5232 4.4499 2,39 2.34 (12], 2.36 [12J. 4.39 (3J, 4.8 (14]
a 0.4646 0.4719 0.4727 0.4728 0.4681 - -
N qV 0.4294 0.5209 0.5344 0.5384 0.4532 0.27 0.22(141,0.48(3]
A 0.7531 0.9989 1.0349 1.0473 0.9359 0.60 (14], 0.78 (141.0.82 [12], 0.99 [14], 1.3 1.3]
0.1208 0.1308 0.1322 0.1328 0.1273 - 0.09(121,0.11 (.3], 0.11 [12], 0.12(14]
Sn T c(K ) 5.6720 9.5842 10.115 10.286 8.6038 3.722 3.75 [12], 6.20 [14], 7.35 [12], 15.2 [3]
a 0.4412 0.4535 0,4546 0.4549 0.4519 0.47 0.44 [3J
N q V 0.3753 0.4549 0.4651 0.4685 0,4354 0.263 0.16 [12], 0.54 [3]
A 1.6306 2.1809 2.2638 2.2922 2.0341 - 0.66 [12], 0.84 [5], 1.06 [3J. 1.11 (12), 
1.12 [141.1.12 [14]. 1.34114], 1.35 [14]
0.1091 0.1180 0.1193 0.1198 0.1150 - 0.1 [12J, 0.11 [12],0.12[3],0.12[141
Pb T c ifO 9.5563 11.678 11.930 12.010 11.214 7.196 5.58 [3], 6.49 [12], 7.2 [12], 7.6 (14)
a 0.4836 0.4850 0.4852 0.4852 0.4850 0.48 0.48 [3]
N q V 0.6129 0.6916 0.7013 0.7044 0.6736 0.411 0.32 [3], 0.54 [14J, 0.60 (12) __
k 1.1482 1.5315 1.5904 1.6096 1.4289 0.264 [4], 0.67(121,0.84 [10]
0.1113 0.1204 0.1217 0.1222 0.1173 - 0.10 [111, 0.11(4), 0.12 (10)
B i T c(K ) 7.9620 10.775 11.135 11.243 10.134 6.1 -
a 0.4742 0.4779 0.4782 0.4783 0.4775 -
N o V 0.5073 0.5899 0.6005 0.6038 0.5705 - ___
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functions o f  T  f23], lU  [24], F  [25] and  S [26]. O ur 
study a lso  co nc ludes tha t as the  a tom ic  size o f  the m etal 
increases, the  in fluence  o f  sc reen ing  e ffec t increases. T he 
maximum effec t o f  local f ie ld  co rrec tion  function  is 
predicted in the  case o f  C s.
In T ables 2 (b ,c), the  co m p ariso n  o f  p resen tly  ob tained  
data o f  SSP, w ith  exp e rim en ta lly  ava ilab le  values [6 ,7 ] 
and o ther various theo re tical d a ta  [3 -5 ,1 0 -1 2 ,1 4 ,1 5 ] , is 
reported fo r d iv a len t and  p o ly v a len t m etals. F rom  Tables 
2(b,c), w e sec that the p resen t fin d in g s  o f  A ca lcu la ted  
from H -screen ing  fun c tio n  [22] o f  M g, In and  T1 and  
that from  T -sc reen in g  function  [23] o f  Z n and Sn m etals 
show com p arab le  re su lts  w ith  the ava ilab le  theoretical 
findings [4 -9 ] . T h e  ex p e rim en ta l values o f  transition  
tem perature fo r m etals like In, Zn, T l, Sn, Pb and Bi 
are 3.404 K . 0 .875  K, 2 .39  K, 3 .722  K , 7 .196  K and 6.1 
K, Respectively. O u r p re sen t re su lts  o f  Tc ca lcu la ted  from  
H-scrcening func tion  [22] fo r In , T l, S n, P b  and  Bi and 
that for Zn, F -screen ing  function  [25] show  fa ir ag reem ent 
with experim en tal find ings. T h e  ex p e rim en ta l da ta  o f  a  
for In, Sn and  Pb m etals are 0 .45 , 0 .47  and  0.48, 
respectively. T h e  ex cellen t ag reem en t w ith  these num bers 
IS achieved in the  p resen t in v es tig a tio n s  fo r the m etals. 
The presently  repo rted  va lue o f  N qV fo r Zn is ca lcu lated  
irom F -screen ing  func tion  [25] and  th a t fo r T l, Sn and 
Pb from H ‘Scrcening func tion  [22] g ive the satisfac to ry  
results in co m p ariso n  w ith  the o b serv ed  experim en tal 
data 0 .175, 0 .27 , 0 .263  and 0 .411 , respectively .
From  the T ables 2 (a ,b ,c), it is no ted  that for all the 
12 m etals, the  resu lts  d u e  to  F -sc reen in g  function  [25] 
generate the h ig h er va lues, w hile  H -sc reen in g  function  
|22] generates the  low er va lues o f  the p aram ete r under 
investigation. T h e  re su lts  ob ta in ed  from  an o th er th ree  
screening fu nc tions T  [23], lU  [24] and  S |2 6 ] lie 
between these tw o  sc reen in g  func tions.
W ith respect to  sta tic  H -d ic lec tric  func tion  [22], the 
relative in flu en c e  o f  the  fo u r  local f ie ld  co rrec tio n  
functions on  X  o f  L i, N a, K, Rb, C s, M g, Z n , In, T l, Sn, 
Pb and Bi m etals is 4 0 .2 7 -7 5 .9 4 % , 4 4 .7 9 -7 9 .5 5 % , 5 1 .1 8 - 
89.45%, 5 4 .5 4 -9 7 .2 1 % , 5 2 .5 6 -1 1 0 .0 6 % , 2 7 .1 4 -4 6 .3 7 % , 
2 5 .1 7 -4 1 .3 5 % , 2 6 .6 0 -9 3 .5 9 % , 8 .3 2 -4 6 .1 4 % , 2 3 .6 9 -  
39.07%, 2 4 .7 9 -4 0 .5 7 %  and  2 4 .4 5 -4 0 .1 9 % . Such  influence 
on is fo r L i 7 .8 7 -1 3 .6 1 % , fo r N a 7 .8 9 -1 5 .4 4 % , fo r K 
10.24-17.61% , fo r R b  9 .5 6 -1 6 .3 8 % , fo r C s 9 .5 5 -1 6 .8 8 % , 
for M g 7 .0 2 -1 2 .4 7 % , fo r Z n  5 .9 9 -1 0 .9 8 % , fo r  In 5 .6 4 -  
10.15%, fo r  T l 0 .4 3 -1 0 .6 0 % , fo r  Sn 5 .3 9 -9 .9 5 , fo r Pb 
5 .39-9.81%  an d  fo r Bi 5 .3 7 -9 .8 4 % , respectively . T hese
changes in X and //*  m ake considerab le  varia tion  on 7), 
a  and N qV.
T he local field  co rrec tion  functions due to UI |24J. F 
[251 and  S [26] are ab le to  generate  consis ten t resu lts  
regard ing  the S SP  o f  five  m onovalen t, tw o  d iva len t and 
fiv e  p o ly v a len t m eta ls  as th o se  o b ta in e d  fo r  m ore 
com m only  em ployed  H  [22] and  T  [23] functions. T hus 
the use o f  these m ore p rom ising  local field  co rrec tion  
l^nctio tts  is estab lished  successfu lly  in the  study  o f S SP  
o f  m cttls .
A ccord ing  to M atth ias ru les [27,28], the m etals having  
Z  <2 (|c)es no t exh ib it superconducting  nature . H ence, the 
alkali jfnctals are non -superconducto rs. T h is m ay be the 
reason; that the S SP  o f  alkali m etals arc not favourite  
quantifies to investigate experim entally . S ince these m etals 
are no t sh o w in g  su p e rc o n d u c tin g  n a tu re  in n o rm al 
laboratory  condition , the experim en tal data  on S SP  fo r 
m ost o f  the alkali m etals are not ava ilab le for any 
com parison  and fu rther com m ents. B ut the comparisons 
o f presently  com puted results o f  S SP  with olhci theoretical 
data  are encourag ing , w hich confirm s the ap p h eab ih ty  ol 
ou r new ly p roposed  m odel po ten tial to  explain  the SSP. 
W hen we go from  Z  = 2 to  Z  = 5, /> ., from  M g to Bt 
except Zn and Bi, the elec tron -phonon  co iip lm g strength  
X increases w ith lattice spac ing  'a \  S im ilar trends aiv 
also  observed  in the values o f  7> fo r o f  all ttic m etals, 
except Bi.
4. Conclu.sions
It is seen that fo r p roper rep roduction  o f  cxperim en iai 
values o f  SSP, the cho ice o f  d ie lec tric  function  is a lso  an 
im p o rta n t p a ra m e te r . T h e  c o m p a r iso n  o f  p re s e n tly  
c o m p u te d  r e s u l t s  w ith  a v a i la b le  t h e o r e t ic a l  a n d  
experim ental find ings is enco u rag in g  in the  case o f  pure  
m etals, w hich con firm s the app licab ility  o f  o u r mcxlel 
po tential in exp lain ing  superconducting  sla te  p aram eters.
Acknowledgments
T h is  w o rk  is s u p p o rte d  by  th e  U n iv e rs ity  G ra n ts  
C om m ission , N ew  D elh i under D R S /S A P  prog ram m e.
References
(I ] A V Narlikar and S N Ekbotc Superconductivity and Superconducting 
M aterials (New Delhi: South Asian Publishers) (1983)
(2j J Bardeen, L N Cooper and J R ScncfTcrP^ ys. R ev 108 1175 (1957) 
(31 R Sharma and K  S Sharma Indian 7. Pure A p p l Phys. 21 725 (1983) 
|4] R Sharma and K S Sharma Czech. J. Phys. B34 .^ 25 (1984)
780 P N Gajjar, A M Vora and A R Jani
(5) R Sharma, K S Sharma and Lachhman Dass Indian J. Phys. A60 
373(1986)
| 6 | R Sharma, K S Sharma and Lachhman Dass Czech. J.Phys. B36 
719(1986)
[7] R Sharma. K S Sharma and Lachhman Dass Phyi,. Slat. Sol. (b) 133 
701(1986)
| 8| K N Khanna and P K Sharma Phys. Slat. Sol. (b) 91 251 (1979)
(9| K N Khanna and P K Sharma Acta Phys. Pol. A57 335 (1980)
(10| P B Allen and M L Cohen Phys. Rev. 187 525 (1969)
111J S C  Jain and C M Kachhava Phys. Slat. Sol. (6) 101619 (1980)
112] S C  Jain and C M Kachhava Indian J. Pure Appl. Phys. 18 489 
(1980)
113J. S C Jain and C M Kachhava Indian J. Phys. ASS 89 (1981) 
f 14] W L McMillan Phys. Rev. 167 313 (1968) 
f 15] P B Allen Handbook ofSupeitonductivity (ed) C P Poole (Jr.) (New 
York: Academic) p478 (1999)
[16] K S  Sharma and C M  Kachhava 5o/((J5(ar. Commun. 30719(1979)
[17] N W Ashcroft Phys. Lett. 23 48 (1966)
[18] A M  Vjra, Minal H Patel, P N Gajjar and A R Jani Pramana ~ /  
P/iyf.58 849(2002)
[19] A M Vora, Minal H Patel, S R Mishra, P N Gajjar and A R Jam 
Solid State Physic% (DAE Conf. Proc. 44) (eds) S L (Thaplot, P s  R 
Krishna and T Sakuntala (Narosa, New Delhi) p34S (2001)
|20 | Minal H Patel, A M Vora, P N Gajjar and A R Jani Physica B304 
152(2001)
[21] Minal H Patel, A M Von, P N Gajjar and A R Jani Commun. Theor. 
Phys. 365 (2002)
[22] W A Harrison Elementary Electronic Structure (Singapore; World 
Scientific) (1999)
[23] R T a y lo r /P /tM .F 8 1699(1978)
[24] S Ichimaru and K Utsumi Phys. Rev. B24 7385 (1981)
[25] B Farid, V Heine, G Engel and IJ  Robertson Phys. Rev. B 4 8 11602
(1993)
[26] A Sarkar, D Sen, H Haidar and D Roy Mod. Phys. Lett. B12 639
(1998)
[27] B T Matthias Progress in Low Temperature Physics Vd. 2  (ed) C J 
Goner (Amsterdam: Nonh Holland) (1957)
[28] B T  Matthias Physica 69 54 (1973)
